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BMIAbstract Aim: Aim of the present study was to examine the influence of gender on degree of
severity of obstructive sleep apnea.
Patients and methods: This retrospective study included 97 patients diagnosed with OSA by
overnight polysomnography, who were referred to the Chest Department, Kasr Al Aini Hospital
sleep laboratory during the study period from January 2013 to December 2015.
Results: There were 60 males (61.9%) and 37 females (38.1%) with a male to female ratio of
1.6:1. BMI was greater in females than males (44.62 ± 9.23 versus 39.74 ± 7.92; p= 0.007).
AHI was greater in males than females (27.29 ± 20.85 versus 14.28 ± 8.76; p< 0.001). Desatura-
tion index was also greater in males than females (42.24 ± 26.95 versus 29.46 ± 23; p= 0.012).
Desaturation index increased with increasing BMI with a statistical significant difference
(p= 0.011).
Conclusion: In Egyptian patients with OSA, although females had higher BMI as compared to
males, males had more severe disease as indexed by AHI.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
Obstructive sleep apnea (OSA) is a common condition that
affects at least 4% of males and 2% of female. The OSA hall-
mark feature is the recurrent episode of partial (hypopnea) orcomplete (apnea) upper airway collapse during sleep, which is
associated with hypoxia-reoxygenation and microarousal [1].
Excess body weight is a major risk factor for snoring and
sleep apnea, 70% of patients with OSA are overweight [2].
Obesity is believed to predispose to OSA because of mass load-
ing to the upper airway of the neck [3].
There is evidence that there are both gender- and age-
related differences in OSAS manifestation [4–6].
Epidemiologic studies of obstructive sleep apnea (OSA)
have consistently found a very strong male predominance of
this disorder [7].
650 H.H. Assal, E. KamalWomen have consistently been reported to have a lower
prevalence of this sleep disorder than men, with a male/female
ratio of 2:1–5:1 [8–11].
Different studies had compared the degree of severity of
OSA between males and females. OSA was found to be more
severe in males [12–15].
The reason for this sex difference is unknown, since women
and men with OSA are reported to have similar symptoms [16].
The clear sex difference raises the question of whether
women manifest OSA differently from men, or whether they
may be protected by a distinct pathophysiology [7].
Aim of the work
To study the influence of gender on degree of severity of
obstructive sleep apnea in a cohort of Egyptian patients.
Subject and methods
We retrospectively reviewed the polysomnography (PSG)
reports for all patients who had undergone overnight
polysomnography (PSG) at the Chest Department of Kasr
Alaini Hospital from January 2013 to December 2015.
Patients were eligible for the study if a diagnosis of OSA
had been made on their initial polysomnogram. OSA was
defined as an apnea – hypopnea index (AHI) of 5 or more
events per hour. Only the patient’s initial polysomnogram
was included in the study.
All patients were subjected to full history taking, thorough
clinical examination, measurements of body weight, height and
body mass index (BMI in kg/m2).
Polysomnographic study was done (8 h per night) with a
detailed analysis of the recorded data. Before the study,
patients were advised to avoid tea and coffee intake or any
other drugs that may have an influence on the quality of sleep
as sedatives, hypnotics and tranquilizers.
Patients were connected to SOMNOscreenTM plus (Cardio-
Respiratory Screening) which is computer based high technol-
ogy polysomnography.
It included:
 Pulse oximetry applied to the index finger to detect arterial
oxygen saturation (SaO2).
 A microphone applied on the neck beside the larynx to
detect snoring.
 Heart rhythm is monitored with a single lead ECG: to
detect arrhythmia index which is number of cardiac
arrhythmias per hour of sleep.
 Oronasal airflow using a thermal sensors and nasal pressure
transducer.
 Chest and abdominal movements recording using 2 sepa-
rate belts to detect the effort.
 Leg movements are recorded via anterior tibialis
electromyogram.
From recording of sleep study we detect:
Apnea: defined by the cessation of airflow for a minimum of
10 s, with the oral thermistor providing the most accurate
detection of an apnea. An apnea is further classified as
obstructive, central or mixed based on the assessment of respi-
ratory effort during the event [17].Hypopneas: are generally classified only as obstructive
events. Hypopneas can be scored using various definitions
although most commonly they are characterized by at least a
30% reduction in airflow in association with a 3% or 4% oxy-
gen desaturation [17].
A desaturation is scored when the following two parame-
ters are met:
 Minimum drop required is 4% (The minimum decrease in
oxygen level to score a desaturation).
 Minimum duration required is 10 s.
AHI: refers to the number of apneas and hypopneas per
hour of sleep.
O2 desaturation index: number of O2 desaturations per hour
of sleep.
SpO2 time < 90%: Time in which oxygen saturation is less
than 90% (as a percent from total sleep time).
Snoring index: the number of snoring events per hour of
sleep.
The severity of sleep-related obstructive breathing events
was rated as follows: mild: 5–15 events/h; moderate: 15–
30 events/h; and severe >30 events/h [18].
The following data were recorded and analyzed: age, sex,
BMI, AHI, O2 desaturation index, SpO2 time < 90%, lowest
O2 saturation and snoring index.
Statistical methods
Data were coded and entered using the statistical package
SPSS version 15. The data were summarized using number
and percentage for qualitative values, mean and standard devi-
ation for normally distributed quantitative variables, median
and interquartile range for quantitative variables which are
not normally distributed.
Statistical differences between groups were tested using Chi
Square test for qualitative variables.
Independent sample t-test and analysis of variance
(ANOVA) for quantitative variables which are normally dis-
tributed. While non parametrical Kruskal Wallis test and
Mann Witney test were used for quantitative variables which
are not normally distributed.
Correlations were done to test for linear relations between
quantitative variables. p-values less than or equal to 0.05 were
considered statistically significant.
Results
A total of 145 patients underwent overnight PSG at the Chest
Department, Kasr Al Aini Hospital sleep laboratory during
the study period. A diagnosis of OSA was made in 97 patients
that were eligible for the present study. There were 60 males
(61.9%) and 37 females (38.1%) with male to female ratio of
1.6:1. Regarding the age distribution, 9 patients (9.3%) aged
from 31 to 40 years, 13 patients (13.4%) from 4 to 50 years,
28 patients (28.9%) from 51 to 60 years, 36 patients (37.1%)
from 61 to 70 years, 11 patients (11.3%) above 71 years.
Females were slightly older than males but with no statisti-
cal significance.
By applying Mann–Whitney test the BMI was greater in
females (p= 0.007). AHI was greater in males (p< 0.001),
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(Table 1 and Fig. 1).
Other parameters of severity were assessed as lowest O2 sat-
uration, SpO2 time < 90% and snoring index which were also
greater in males but did not reach statistical significance
(Table 1).
Spearmans correlation revealed that BMI and desaturation
index were positively correlated (p= 0.005, r= 0.28).
According to WHO classification in 2000 the sample was
divided based on BMI into normal (BMI 18.5–24.9 kg/m2),
overweight (25–29.9 kg/m2), obese 30–39.9 kg/m2, morbid
obese >40 kg/m2.
None of the patients had normal BMI, 10 patients (10.3%)
were overweight, 12 patients (12.4%) were obese, 75 patients
(77.3%) were morbidly obese.
We compared between the 3 groups (overweight, obese and
morbid obese) regarding age, AHI, desaturation index, SpO2
time < 90%, lowest O2 saturation and snoring index (Table 2).Table 1 Demographic, sleep laboratory data for men, women, and
Total Male
Number 97 60
Age
Mean (±SD) 58.05 (±11) 57.03 (±
Range 31–78 34–78
Median 60 56
IQ 51–66.5 50–64
BMI
Mean (±SD) 41.6 (±8.73) 39.74 (±
Range 24.5–62.9 24–60
Median 41 40
IQ 35.5–46.75 34.6–44.2
AHI
Mean (±SD) 22.33 (±18.34) 27.29 (±
Range 5.1–94 5.3–94
Median 14.8 21
IQ 10.15–28.8 12.33–36
Desaturation index
Mean (±SD) 37.36 (±26.15) 42.24 (±
Range 1–113 7.8–113
Median 26.8 34.8
IQ 15.9–59.5 19.38–65
SpO2 time < 90%
Mean (±SD) 41.28 (±35.86) 38.53 (±
Range 0.6–100 0.6–100
Median 34.2 24.9
IQ 6.7–79.8 8.1–71.27
Lowest O2 saturation
Mean (±SD) 70.81 (±13.49) 71.39 (±
Range 33–97 40–95.3
Median 74 74.5
IQ 61–82 56–83
Snoring index
Mean (±SD) 262.43 (±176.2) 279.17 (±
Range 13–855 13–855
Median 250 255.5
IQ 114.3–365.25 147.2–39
AHI: apnea hypopnea index, BMI: body mass index, SD: standard devia
# Independent sample t-test.
^ Non parametrical Mann Witney test.AHI increased with increasing BMI but did not reach sta-
tistical significance.
Desaturation index increased with increasing BMI with sta-
tistical significant difference (p= 0.011).
Further comparison was done by applying Mann–Whitney
test between each of the two groups.
There was a statistical significant difference in median
desaturation index between overweight and morbid obese
patients (14.9 versus 35) respectively, p= 0.017.
There was also statistical a significant difference in median
desaturation index between obese and morbid obese patients
(19.75 versus 35) respectively, p= 0.043.Discussion
This study confirms the existing literature that OSAS is more
common in males than females.the entire population.
Female p value
37
10.47) 59.7 (±11.76) 0.248#
31–78
63
54–38
7.92) 44.62 (±9.23) 0.007#
27.5–62.9
44
2 36.5–52.65
20.85) 14.28 (±8.76) <0.001^
5.1–41.9
12.4
.75 8.8–15.6
26.95) 29.46 (±23) 0.012^
1–80
20.7
.38 11.6–51.05
34.12) 45.73 (±38.57) 0.205^
1–99
39.6
2.7–89.65
12.51) 69.86 (±15.08) 0.592#
33–97
74.5
62.25–81.75
179.84) 235.29 (±168.99) 0.205^
24–668
191
4.23 93.3–355.5
tion, IQ: interquartile range.
Figure 1 AHI and desaturation index among studied groups.
652 H.H. Assal, E. KamalOur descriptive analysis revealed marked differences in the
severity of OSA, indexed by AHI, in relation to gender 27.29
(±20.85) in males and 14.28 (±8.76) in females (p 6 0.001).
Females had a higher BMI compared to males 44.62 (±9.23)
versus 39.74 (±7.92) with p= 0.007. Females were slightly
older than males but with no statistical significance.
Gabbay et al. studied the age and gender related character-
istics of obstructive sleep apnea in a large retrospective study
comprising 23,806 patients. In agreement to our results females
had a higher BMI compared to males (31.39 ± 7.12 versus
29.82 ± 5.40; p< 0.001). Males had more severe OSA as
AHI was 23.21 ± 19.35 in males compared to females 18.08
± 16.56 (p< 0.001) [19].
O’Connor et al. examined the influence of gender on the
polysomnographic features of obstructive sleep apnea (OSA)
in a retrospective study of 830 patients diagnosed by overnight
polysomnography. Males had a higher AHI which was 31.8
(±1.0) as compared to females which was 20.2 6 (±1.5) with
p 6 0.001.Women in the study were heavier than men
(BMI = 35.1 ± 0.6 kg/m2 versus 32.1 ± 0.3 kg/m2, p< 0.01)
and were slightly older (average age = 50.8 ± 0.9 yr versus
48.6 ± 0.5 yr), but this difference was not statistically signifi-
cant [10].
Several studies addressing the same point were done in dif-
ferent parts of the world.
A Saudi study comprising 191 females and 193 males hav-
ing OSA. Women were significantly older than men (53.9 and
43 yr respectively; p< 0.001), their BMI was significantly
higher than men (p< 0.001). AHI was statistically higher in
men compared to women [12].
In a retrospective study included a cohort of 1010 Greek
patients. Females were significantly older than males (56.9
± 10.6 versus 50.6 ± 11.7; p< 0.001), mean AHI was signif-
icantly higher in males than females (42.9 ± 28.9 versus 32.6
± 28.7 events/h; p< 0.001) [13].
On the contrary a Turkish study that investigated the
gender difference in polysomnographic findings in 244
patients with OSA, the BMI and AHI didn’t differ between
the two groups. However the AHI increased as BMI
increased [14].A Japanese study done on 490 patients from 2 sleep disor-
der centers found that female patients had a significantly
higher BMI than males (p< 0.05) as well as significantly lower
AHI than males (p< 0.001) [15].
In a study done on a Romanian population 131 patients
with OSA were included. Women were significantly older than
men (59.3 ± 12.6 versus 46.7 ± 22.8) and had a significantly
higher BMI (39.6 ± 5.7 versus 31.2 ± 7.9). AHI was signifi-
cantly higher in men versus women (64 ± 25.7 versus 45
± 21.9) [20].
In our study other polysomnographic variables were
assessed as a marker of severity. The desaturation index was
greater in males (42.24 ± 26.95 versus 29.46 ± 23 p= 0.012).
Other parameters of severity were assessed as lowest O2 sat-
uration, SpO2 time < 90% and snoring index which were also
greater in males but did not reach statistical significance.
In the previously mentioned Saudi study the desaturation
index was higher in men (p= 0.01) but no difference was
found in lowest SaO2 or time with SaO2 less than 90% [12].
In the study done on Romanian patients no significant dif-
ference between SpO2 time < 90% in men versus women [20].
This study together with the previously discussed studies
confirms the greater severity of OSA in men compared to
women although women had a higher BMI.
The discrepancy between greater frequency of obesity and
less severity of OSA in women has not been explained and sug-
gests a different pathogenetic mechanism underlying this
condition.
The airway size and compliance and pharyngeal muscle
tone are important determinants of upper airway patency dur-
ing sleep.
A study was done to understand the pathophysiologic basis
of the male predisposition for pharyngeal collapse [21].
They performed a detailed analysis of the anatomic and
physiologic features of the upper airway in normal males
and females. They found that the pharyngeal airway length
was substantially longer in men compared with women and
there was also an increased soft palate size in men. They con-
cluded that the male airway is more collapsible than the female
airway on the basis of anatomic differences [21].
Table 2 Sleep laboratory data for the study groups as regards their BMI.
Overweight Obese Morbid obesity p value
Age
Mean (±SD) 58.6 (±13.94) 57.33 (±10.92) 58.09 (±10.74) 0.963#
Range 34–73 34–68 31–78
Median 64 61 59
IQ 45.75–69 52–65.5 51–66
AHI
Mean (±SD) 14.63 (±10.48) 19.88 (±15.96) 23.75 (±19.34) 0.202^
Range 5.3–38.2 5.5–60.2 5.1–94
Median 11.25 14.05 15.9
IQ 6.18–21.78 7.68–25.98 10.4–33.8
Desaturation index
Mean (±SD) 20.46 (±13.51) 23.27 (±11.57) 41.87 (±27.45) 0.011^
Range 9.5–52.9 1.6–42 1–113
Median 14.9 19.75 35
IQ 11.68–26 18.83–34.45 17.5–65.4
SpO2 time < 90%
Mean (±SD) 42.06 (±45.31) 39.01 (±40.79) 41.53 (±34.2) 0.96^
Range Jan-99 1.1–99.9 0.6–100
Median 11.95 23.35 35.5
IQ 4.85–95.78 4.75–88.25 8.4–74.4
Lowest O2 saturation
Mean (±SD) 71.2 (±15.9) 77.94 (±10.41) 69.61 (±13.4) 0.93#
Range 33–84 54–95.3 40–97
Median 77.5 80 73
IQ 61.25–81.5 72–83 59–81
Snoring index
Mean (±SD) 283.91 (±223.09) 318.58 (±218.29) 250.59 (±162.55) 0.598^
Range 86.6–855 24–665 13–668
Median 241.5 338 243
IQ 138.15–335.88 111.73–476.25 110–357
AHI: apnea hypopnea index, SD: standard deviation, IQ: interquartile range.
# Analysis of variance (ANOVA).
^ Non parametrical Kruskal Wallis test.
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matched for AHI, BMI and age, and found that the age-
adjusted passive critical value of positive end-expiratory pres-
sure was 1.9 ± 0.9 cm H2O lower in women compared to men.
They concluded that the UA seems to be less collapsible in
women than in men, thus contributing to a lower prevalence
of OSA.
Another proposed factor is the fat distribution, rather than
BMI, that is more important in determining the risk of OSA.
Men tend to show a higher proportion of central body fat,
including both visceral adiposity and upper body fat, as
opposed to peripheral obesity in women [23,24]. Using com-
puted tomography, [25] have reported that visceral adiposity
is the primary type of fat associated with OSA in males,
whereas in females it is global adiposity.
Hormones play a key role in the pathogenesis of OSA in
women. Different mechanisms have been proposed to explain
how hormones would affect the propensity of female sex
toward OSA.
Sexual hormones may affect the distribution of body fat as
was proofed by Tre´mollieres et al. who found that post-
menopausal women were characterized by a significant
increase in the proportion of android fat and the ratio trunk
fat/leg fat as compared to premenopausal women [26].Also progesterone hormone is considered a respiratory stim-
ulant. Protection from these sleep events in premenopausal
women might be afforded by the respiratory stimulant effects
of circulating progesterone. This lower propensity to airway
collapse is translated to the polysomnographic profile [27].
Conclusion
In Egyptian patients with OSA, although females had a higher
BMI as compared to males, males had more severe disease as
indexed by AHI.Conﬂict of interest
The authors declare that they have no conflict of interest.
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